CERTIFICATE OF MAILING via EXPRESS MAIL 
37C.F.R.§1.10 

Pursuant to 37 C.F.R. l . 10, 1 hereby certify that I have a reasonable basis for belief that 
this correspondence is being deposited with the united states postal service as express 
Mail Post Office to Addressee on the date indicated below, and is addressed to: 

Mail Stop Patent Application 

Commissioner for Patents 

P.O. Box 1450 

Alexandria, VA 22313-1450 

NAME 

Date of Mailing: February 24, 2004 
Express Mail Label: EV339228185US 



APPLICATION FOR LETTERS PATENT 



FOR 



NON-RETURN VALVE FOR A PUMP 

This application claims priority to German Application No. 101 42 609.7 filed on 

August 31, 2001 



INVENTOR(S): Marc Hohmann 

Grundleinstr. 8 
80333 Munchen Germany 



ATTORNEY DOCKET NUMBER: 
CLIENT REFERENCE: 



071308.0507 
2001P11521WOUS 



HOU03:955907,2 



071308.0507 
2001P11521WOUS 



PATENT 



Non-Return Valve for a Pump 

Cross Reference to Related Application 

[0001] This application is a continuation . of copending International 

Application No. PCT/DE02/03166 filed August 29, 2002 which designates the United 
States, and claims priority to German application no. 101 42 609.7 filed August 31, 
2001. 

Technical Field of the Invention 

[0002] The present invention relates to a non-return valve for a pump and in 

particular a high-pressure non-return valve for a fuel pump of a common rail injection 
system. 

Description of the Related Art 

[0003] Non-return valves for pumps are known in different embodiments. An 

example of a known non-return valve is illustrated in Figure 12. As shown in Figure 
12, the non-return valve comprises a receptacle 2 having a valve seat 3 and also 
incorporates a closing body 4 and a cage element 16. The closing body 4 is disposed 
inside the claw-shaped cage element 16 and can move in axial direction in the non- 
return valve. The closing body 4 can assume two positions, namely a first position in 
which it sits on the valve seat 3, thereby preventing fluid from flowing, and a second 
position in which it lies against the base (stop region) of the cage element 16 and 
allows valve flow in axial direction through the openings between the individual guide 
regions of the cage element. The cage element 16 additionally rests against a mating 
surface 1 1 . 

[0004] In the known non-return valves, the cage element combines the 

functions of closing body guide, valve overflow and closing body stop in one 
component. Cage elements of this kind are manufactured e.g. by stamping and 
subsequent deep drawing or by turning. Because of the bending radii between the stop 
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region and the guide regions, breakages often occur, particularly during use in high- 
pressure pumps for common rail injection systems at high speeds because of the high 
pressures. 

Summary of the Invention 

[0005] The object of the present invention is therefore to provide a non-return 

valve, particularly for fuel pumps for common rail injection systems, which is of 
simple design, is easy and inexpensive to manufacture and has a long service life even 
under high loading conditions. 

[0006] This object can be achieved by a non-return valve for a pump, 

comprising a receptacle in which a valve seat is implemented, a closing body and a 
cage element in which the closing body is disposed, whereby the cage element is 
bipartite, comprising a guide element and a stop element and the guide element is 
made from a material having a lower modulus of elasticity than a material of the stop 
element. 

[0007] The guide element can be made from plastic or aluminum and the stop 

element from steel. The guide element can be implemented as a sleeve and has at least 
one overflow passage on its inner circumference. The stop element can be press-fit 
into the guide element. A spherical indentation can be implemented in the stop 
element. The stop element may have two, three or four areas of connection to the 
guide element. In the assembled state, the stop element may adjoin a mating surface 
which is implemented on a valve housing. Grooves to accommodate the stop element 
can be implemented in the guide element. Recesses for ensuring pressure 
compensation can be implemented in the grooves. Furthermore, the non-return valve 
can be preferably used in a high-pressure pump for delivering fuel for a common rail 
injection system. 

[0008] The non-return valve according to the invention for a pump, in 

particular a high-pressure fuel pump, can meet the requirements both in terms of 
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stroke limiting for the closing body and tight tolerances for the closing body guide, the 
cage element of the non-return valve according to the invention being implemented in 
two parts comprising a guide element and a stop element. By this means the stop 
element can be optimized in respect of the impulsive forces caused by the closing 
body when the valve opens, and the guide element can be optimized in respect of the 
guiding of the closing body between its open and closed positions. The guide element 
is not therefore loaded by the opening impulse exerted on the stop element by the 
closing body. The non-return valve according to the invention can therefore have an 
improved service life. Consequently, by means of the bipartite design of the cage 
element, a division of the different functions assumed by the cage element is achieved, 
so that the individual components of the cage element can be optimized in respect of 
their requirements, thereby enabling the problems arising in the prior art particularly at 
high pump speeds and high pressures to be avoided by the high-pressure non-return 
valve according to the invention. 

[0009] The guide element and the stop element are preferably made of 

different materials, the material for the guide element having a lower modulus of 
elasticity than that of the stop element. It is particularly preferred that the guide 
element is made from plastic or aluminum and the stop element from steel, e.g. heat- 
treatable or case-hardening steel. By manufacturing from plastic, the guide element 
can, for example, be injection-molded and therefore have very tight tolerances in 
respect of the guiding of the closing body, without re-machining of the guide element 
being necessary. By means of this improved guiding of the closing body, in particular 
more precise seating on the sealing cone of the valve is achieved, the material for the 
guide element preferably being selected with regard to ease of press-fitting into a 
housing or similar, and with regard to a high degree of sliding wear resistance. The 
material for the stop element is preferably selected with regard to high impact wear 
resistance and high fatigue strength. 
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[0010] To obtain a particularly compact and long-lifetime cage element, the 

guide element is preferably implemented as a sleeve and has at least one overflow 
passage. 

[0011] In order to enable the cage element to be pre-assembled, the guide 

element and the stop element are preferable press-fit together. 

[0012] To prevent point loading of the stop element, the stop element 

preferably has a spherical indentation, accurate seating of the closing body on the 
indentation also being achieved by the high guiding accuracy of the guide element. 

[0013] The stop element advantageously has two, three or four regions of 

connection to the guide element. This enables the stop element to be implemented e.g. 
as a simple bar element, as a star-shaped element or as a cross-shaped element. 

[0014] In the assembled state, the stop element preferably adjoins a mating 

surface formed on the valve housing, thereby enabling the valve according to the 
invention to be produced as a completely pre-assembled component. However, it is 
also possible for the mating surface to be formed directly by a shoulder in the fluid 
line in which the valve is disposed. 

[0015] In order to allow particularly easy assembly, grooves accommodating 

the connecting regions of the stop element are preferably implemented on the guiding 
element, the stop element being insertable e.g. by press-fitting or gluing. It is 
additionally possible for the stop element also to be injected into the guide element 
e.g. during manufacture by injection molding. 

[0016] In a particularly preferred embodiment, recesses ensuring pressure 

compensation are formed in the grooves for accommodating the stop element. 

[0017] The non-return valve according to the invention is used particularly for 

high-pressure fuel pumps in which very exacting requirements are placed on the 
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individual components because of the high pressures. The non-return valve according 
to the invention can meet these exacting requirements, is easy and inexpensive to 
manufacture and assemble and has a long service life. 

Brief Description of the Drawings 

[0018] The invention will now be described in greater detail with reference to 

preferred embodiments and the accompanying drawings in which: 

[0019] Figure 1 shows a perspective exploded view of a non-return valve 

according to a first embodiment of the present invention; 

[0020] Figure 2 shows a perspective exploded view from another direction of 

the non-return valve depicted in Figure 1; 

[0021] Figure 3 shows a sectional view of the non-return valve shown in Figs. 

1 and 2 in the assembled state; 

[0022] Figure 4a shows a view from below of the guide element of the non- 

return valve of the first embodiment; 

[0023] Figure 4b shows a side view of the guide element shown in Figure 4a; 

[0024] Figure 5a shows a view from below of the stop element according to 

the first embodiment; 

[0025] Figure 5b shows a side view of the stop element shown in Figure 5a; 

[0026] Figure 6 shows a view from below of a guide element according to a 

second embodiment of the present invention; 

[0027] Figure 7 shows a view from below of a guide element according to a 

third embodiment of the present invention; 
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[0028] Figure 8 shows a plan view of a guide element according to a fourth 

embodiment of the present invention; 

[0029] Figure 9 shows a view from below of a stop element for the guide 

element shown in Figure 8; 

[0030] Figure 10 shows a plan view of a guide element according to a fifth 

embodiment of the present invention; 

[0031] Figure 11 shows a view from below of a stop element for the guide 

element shown in Figure 10; and 

[0032] Figure 12 shows a perspective exploded view of a non-return valve 

according to the prior art. 

Detailed Description of the Preferred Embodiments 

[0033] A non-return valve according to a first embodiment of the present 

invention will now be described with reference to Figures 1 to 5b. 

[0034] As shown in Figures 1 and 2, the inventive high-pressure non-return 

valve 1 according to the first embodiment comprises a receptacle 2 in which a valve 
seat 3 is implemented at the end of a line 12. As shown in Figure 2, the valve seat 3 is 
implemented as a sealing cone. The valve 1 additionally comprises a two-part cage 
element consisting of a guide element 5 and a stop element 6. The stop element 6 is 
inserted in grooves 8 on the guide element 5. 

[0035] The guide element 5 is basically cylindrical in shape and has on its 

inside, as shown in Figure 4a, four overflow passages 7 and four guide regions 13, the 
guide regions 13 being used to guide the closing body 4 implemented as a ball. The 
overflow regions 7 allow fluid to flow through the non-return valve in axial direction. 
As can be seen in particular from Figures 1 and 5a, a spherical indentation 10 is 
implemented in the stop element 6. The spherical indentation 10 can be formed e.g. by 
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a cylindrical depression in the stop element 6. The spherical indentation 10 prevents 
only a point contact from occurring between the closing body 4 and the stop element 6 
when the valve 1 is opened, which would result in particularly high loading of the stop 
element 6. 

[0036] In addition, as can be seen in particular from Figures 1 and 3, a 

shoulder providing a mating surface 11 for the cage element is implemented on a 
component 14 having a line 15. 

[0037] As can be seen in particular from Figure 4b, in 1 the grooves 8 for 

mounting the stop element 6 there is formed a depression or recess 9 which, in the 
assembled state of the stop element 6 on the guide element 5, provides pressure 
compensation between the two overflow passages 7 partially covered by the stop 
element 6. This enables any flow resistance of the non-return valve to be reduced. 

[0038] The guide element 5 and the stop element 6 are manufactured from 

different materials. The guide element 5 is made of plastic so that no machining is 
necessary for this component. This enables in particular tight tolerances to be met, so 
that better guiding of the closing body 4 is possible compared to the prior art. This 
makes it possible to achieve more precise seating on the sealing cone 3 in the 
receptacle 2 when the valve is closed and on the spherical indentation 10 in the stop 
element 6 when the valve is opened. The height of the sleeve-shaped guide element 5 
is such that the closing body 4 is guided continuously between the two end positions 
of the closing body. The stop element 6 is made e.g. of steel and can be manufactured 
very inexpensively by stamping. 

[0039] The overflow passages 7 therefore provide a sufficient rate of flow 

through the valve 1 in axial direction X-X of the valve. The flow direction is indicated 
in Figure 3 by means of an arrow R. 
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[0040] Figure 6 depicts a guide element according to a second embodiment of 

the present invention, the same or functionally identical parts being designated by the 
same reference characters as in the first embodiment. 

[0041] As shown in Figure 6, in contrast to the guide element of the first 

embodiment, the guide element of the second embodiment is provided with only two 
overflow passages 7, said overflow passages 7 being disposed opposite one another. In 
addition, only two guide regions 13 are implemented which, however, each extend 
over approximately a quarter of the inner circumference of the sleeve-shaped guide 
element 5. 

[0042] Figure 7 depicts a guide element 5 according to a third embodiment of 

the present invention, the same or functionally identical parts again being designated 
by the same reference characters as in the first embodiment. As shown in Figure 7, the 
guide element 5 according to the third embodiment has three overflow passages 7 and 
three guide regions 13, the overflow passages 7 and guide regions 13 being disposed 
equidistant from one another in each case. 

[0043] Figures 8 and 9 depict a guide element and a stop element according to 

a fourth embodiment of the present invention, identical parts being designated by the 
same reference characters. 

[0044] As shown in Figure 8, the guide element 5, in contrast to the first 

embodiment, has three grooves 8 into which a star-shaped stop element 6 shown in 
Figure 9 can be press-fit, the three connecting regions of the stop element 6 each being 
disposed 120° apart, as shown in Figure 9, and a press-fit being provided between the 
stop element 6 and the guide element 5. 

[0045] Figures 10 and 1 1 show a guide element and a stop element according 

to a fifth embodiment of the present invention, identical parts being designated by the 
same reference characters. 
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[0046] In the fifth embodiment, in contrast to the fourth embodiment, four 

grooves 8 are provided so that four connecting regions are also implemented on the 
stop element 6. The stop element 6 therefore has an essentially cruciform shape. 

[0047] The present invention therefore relates to a non-return valve for a 

pump, in particular a fuel pump, having a receptacle 2, in which a valve seat 3 is 
implemented, a closing body 4 and a cage element. The closing body 4 is disposed in 
the cage element, said cage element being implemented in two parts. The cage element 
comprises a guide element 5 and a stop element 6, thereby providing functional 
separation of the cage element regions having different functions. 

[0048] The present invention is not limited to the embodiments described. 

Various changes and modifications may be made without departing from the scope of 
the invention. 
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